Food allergy has emerged as an unexpected 'second wave' of the allergy epidemic, dramatically increasing the burden of allergic disease among children and adolescents. Tropomyosin is the major shellfish allergen and one of the allergens responsible for cross-reactivity between house dust mites and shellfish [1, 2]. Although vertebrate tropomyosin has traditionally been considered a nonallergenic protein [3, 4] , recent studies reveal the possibility that several vertebrate tropomyosins may in fact be allergenic [3, [5] [6] [7] . Parvalbumin is the main allergen in fish allergy, although new fish allergens have recently been identified, and others are waiting to be discovered and described [8] .
Food allergy has emerged as an unexpected 'second wave' of the allergy epidemic, dramatically increasing the burden of allergic disease among children and adolescents. Tropomyosin is the major shellfish allergen and one of the allergens responsible for cross-reactivity between house dust mites and shellfish [1, 2] . Although vertebrate tropomyosin has traditionally been considered a nonallergenic protein [3, 4] , recent studies reveal the possibility that several vertebrate tropomyosins may in fact be allergenic [3, [5] [6] [7] . Parvalbumin is the main allergen in fish allergy, although new fish allergens have recently been identified, and others are waiting to be discovered and described [8] .
In the present case report, we describe how clinical manifestations related to fish ingestion were due to crossreactivity between shellfish and fish tropomyosins. Our findings reinforce those of more recent studies that conclude that vertebrate tropomyosin may also be considered an allergen.
The patient was an 11-year-old white boy with no family or personal history of atopy who began to experience respiratory difficulty with progressive cyanosis during dinner. He was assisted locally by an emergency team and transferred to the hospital. On arrival, he was confused, with cyanosis and hypoxemia, and was treated with high-concentration oxygen. No cutaneous manifestations of allergy (urticaria or angioedema) were observed. Progressive clinical worsening in the emergency room necessitated resuscitation maneuvers, intubation, and mechanical invasive ventilation. On arrival, the family reported that the child had ingested a shrimp patty for the first time. On suspicion of anaphylaxis, adrenaline was administered with progressive improvement in the patient's clinical condition.
Asthma, rhinitis and atopic eczema were subsequently excluded in the pediatric outpatient clinic. The family emphasized that it was the first time, as far as they knew, the child had eaten shrimp. They also said that he had experienced itching and mild swelling of the mouth and throat immediately after ingestion of some types of fish, mainly codfish and hake. He had eaten octopus without symptoms. The skin prick test was not performed owing to the severity of the clinical presentation and risk of a severe reaction. Serum specific IgE levels measured using ImmunoCAP (Thermo Fisher) to shrimp extract were >100 kU A /L and positive (>0.35 kU A /L) to other arthropods (lobster >100, crab >100), mollusk (Pacific flying squid, 55.1; squid [Loligo species], 3.57; octopus, 37.7; blue mussel, 23), fish (tuna, 2.77; codfish, 2.50; salmon, 2.33; sole, A molecular allergy study with in vitro diagnostic tests was performed for simultaneous measurement of specific IgE to 112 allergen components (ImmunoCAP ISAC, Thermo Fisher). The study revealed sensitization to tropomyosin (Pen m 1, 46 ISU-E; Der p 10, 39 ISU-E; Ani s 3, 43 ISU-E; Bla g 7, 27 ISU-E), shrimp arginine kinase (Pen m 2, 3.8 ISU-E), and polcalcins (Bet v 4, 1.6 ISU-E; Phl p 7, 6.2 ISU-E). Sensitization to parvalbumin was not detected.
To study allergy to shrimp and possible cross-reactivity with fish, protein extracts from hake (Merluccius), codfish (Gadus), shrimp (Palaemon serratus), and Indian prawn (Penaeus indicus) were prepared by homogenization in phosphate-buffered saline before dialysis and lyophilization.
SDS-PAGE immunoblotting was carried out under reducing conditions with 2-mercaptoethanol as previously described (9) . The patient's serum was diluted 1:300 in crustacean extracts and 1:8 in fish extract; mouse monoclonal antibody antihuman IgE (Southern Biotech) was diluted 1:10 000, and chemiluminescent reagent was used for detection (Amersham ECL Prime Western Blotting Detection Reagent, GE Healthcare UK Limited). IgE-binding bands of 36 kDa were detected in extracts from hake, codfish, shrimp, and Indian prawn with the patient's serum, and IgG-binding bands of the same molecular mass were detected in all of these extracts with rabbit serum against tropomyosin from Penaeus species. The rabbit serum was obtained in our laboratory from a rabbit immunized with a sample of Penaeus species tropomyosin, which was obtained from an SDS-PAGE gel where a Penaeus extract was electrophoresed. The tropomyosin band was identified using a commercial rabbit antiserum antitropomyosin from chicken muscle (Sigma Co).
The IgE-immunoblotting-inhibition assay with codfish extract in solid phase and shrimp extract as inhibitor showed complete inhibition of IgE binding on the 36-kDa band from codfish ( Figure) .
These results and the serum specific IgE levels against Pen m 1 led us to believe that the 36-kDa band from codfish and hake were the tropomyosins from both types of fish.
To confirm this hypothesis, we performed liquid chromatography-mass spectrometry (MS) analysis of the 36-kDa IgE-binding band from codfish, as reported by Rosa et al [10] . MS-MS spectra were searched against the SwissProt 20160108 Database, restricting taxonomy to Actinopterygii (5210 sequences). MS revealed 36 peptides of the tropomyosin a-1 chain of Liza aurata, also known as golden grey mullet, and Chelon aurata, a fish of the Mugilidae family, with sequence coverage of 80.30% on the codfish 36-kDa IgEbinding band (sequences of the 36 peptides are presented in Supplementary Figure 1) .
To date, vertebrate tropomyosins have been reported to be nonallergenic proteins [3, 4] , although recent studies are leading us to challenge this belief [3, 5, 7] , because of evidence that some fish allergies could be explained by tropomyosin-specific IgE [6, 7] . Tilapia tropomyosin is now included on the fish allergen list [6] . The first vertebrate tropomyosin characterized and identified as allergenic in the WHO/IUIS Allergen Nomenclature Database (www.allergen.org) was Ore m 4, from Mozambique tilapia (Oreochromis mossambicus). It therefore seems that cross-reactivity between fish and crustacean tropomyosins would be the cause of fish allergy in seafoodallergic patients.
Invertebrates are phylogenetically distant from vertebrates. However, homology in tropomyosin sequences from some species of fish (which are primitive vertebrates) and some crustaceans could be sufficiently high to produce crossreactivity events that trigger allergy symptoms after ingestion of fish by shrimp-allergic patients [3] .
Gonzalez-Fernandez et al [3] report that the allergenicity of fish tropomyosins could be due to the evolutionary fact that fish can live in cold water and their tropomyosins have strategic amino acid substitutions that resolve the muscle rigidity induced by cold [3] . This flexibility, as previously hypothesized in the case of tropomyosins from invertebrates, may confer epitopes that are not shown in tropomyosins from homeotherms.
In our case report, a shrimp tropomyosin-sensitized patient with seafood allergy showed positive serum levels to tropomyosin from other arthropods and nematodes. We believe that he had fish allergy caused by IgE cross-reactivity between crustacean and fish tropomyosins Despite the clinical history (fish allergy symptoms apparently occurred before shrimp anaphylaxis), which was based on the clinical symptoms (more severe reaction with shrimp ingestion than with fish ingestion) and in vitro results (higher specific IgE levels to shrimp extract than to fish extracts), we believe that the primary sensitizing agent was shrimp tropomyosin and that the reaction with fish tropomyosin was a cross-reactivity phenomenon. An indication for avoidance of shellfish and fish was given to the family, and 2 adrenaline autoinjectors were prescribed. Community education (focusing on risks and dangers of food allergy) was discussed, and patient/family quality of life was assessed.
To our knowledge, this is a complex case of allergy involving fish and shrimp tropomyosins. Much remains to be clarified, although insightful research often leads to new discoveries.
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The IKZF1 gene encodes a member of the family of hematopoietic zinc finger transcription factors, namely, IKAROS, which is involved in gene expression via chromatin remodeling. IKAROS plays a critical role in controlling hematopoiesis, particularly lymphoid cell differentiation, proliferation, and function. It is broadly expressed in hematopoietic cells [1] .
We report the case of a 24-year-old woman who was the daughter of unrelated healthy parents of Chinese origin. She was previously a healthy child. At age 14 years, she had acute perforated appendicitis and a right ovarian cyst. Postoperative histopathology revealed gangrenous appendicitis and a benign cystic lesion of the right ovary. She had 2 episodes of pneumonia at 19 and 22 years, and both episodes required hospitalization. At age 22 years, the patient also had her spleen removed and underwent distal pancreatectomy because of a solid pseudopapillary tumor. She experienced occasional skin infections. In August 2016, she was hospitalized with a 2-month history of fever and was diagnosed with Enterococcus gallinarum sepsis. E gallinarum was repeatedly cultured from blood and cerebrospinal fluid. Laboratory tests disclosed the following results: white blood cells, 7.19 × 10 9 /L (neutrophils, 55.9%; eosinophils, 0.1%; basophils, 0.3%; monocytes, 7.4%; and lymphocytes, 36.3%); hemoglobin, 109 g/L; and platelets, 533 × 10 9 /mL. Liver function remained normal. T-spot, CMV/EBV antibody, and DNA were negative. Testing for ANA was positive. Immunologic examination revealed decreased serum IgG levels (2.07 g/L [normal range, 7-16]), low serum IgA (0.36 g/L [0.7-4]), and low serum IgM levels (<0.17 g/L [0.4-2.3]). Lymphocytes subsets were as follows: CD3, 91.71% (55%-84%); CD4, 24.55% (31%-60%); CD8, 65.44%(13%-41%); CD4/CD8, 0.38; CD19, 0.24% (6%-25%); NK, 7.17% (5%-27%). The results of testing for complement and dihydrorhodamine were normal. The patient was discharged after appropriate therapy with linezolid/ daptomycin/ampicillin and immunoglobulin replacement therapy. Based on her abnormal immunologic results, we performed whole exome sequencing (WES). The molecular analysis revealed heterozygous c.500A>G, an H167R mutation in exon 5 of the IKZF1 gene. Her parents' genes had no mutation at this locus, thus indicating a de novo mutation.
